Purpose: This study evaluated treatment outcomes of 4-unit porcelain-fused-to-gold fixed dental prostheses (FDPs) replacing 2 adjacent missing teeth. Materials and Methods: A total of 102 FDPs made in an undergraduate university clinic for 73 patients were evaluated for up to 20 years, with a mean survival follow-up time of 11.4 years. All patients were offered an oral health maintenance program. Treatment failures were divided into irreversible (loss of FDPs/finish line involved) or reversible (FDPs and finish line intact after conservative treatment) complications and into biologic and technical/patient-related failures. Results: The Kaplan-Meier overall estimated survival rate was 68.3% at year 20. There was a statistically significant difference (P = .007) between the survival rates in the maxilla for the vital group (73.8%) and those for the root canal-treated group (25.1%). Comparing the survival rate in the root canal-treated group for the restorations in the maxilla (25.1%) versus the mandible (66.8%), a statistically significant difference (P = .011) was found. The main reason for irreversible failure was caries (32.0%). Conclusion: The estimated successful outcome of 4-unit FDPs over an up to 20-year period is considered favorable and should be compared with the survival rates of other treatment options for the replacement of 2 adjacent teeth. Occurrence of a previously reversible complication appears to be a predictive factor for an irreversible complication later on. A reversible complication within the first 2 years will lead to an early irreversible complication. Int J Prosthodont 2008;21:259-266.
A variety of treatment options are available to replace missing teeth. Conventional metal-ceramic fixed dental prostheses (FDPs), removable partial dentures, resin-bonded FDPs, implant-supported full crowns, or FDPs and orthodontic therapy are feasible treatment options. An implant-supported FDP is currently considered as the primary treatment for the reconstruction of a single tooth diastema. However, appropriate treatment planning is dependent on each individual clinical situation. The patient's expectations, general health conditions, and socioeconomic profile are important parameters that must be considered.
The loss of 2 adjacent teeth will alter the gingival appearance, adjacent periodontal tissues, and underlying bone. This will almost invariably lead to loss of the original scalloped configuration of the supporting tissues and may pose an esthetic prosthodontic challenge. However, this can be addressed efficiently with pontics that are well adapted to the edentulous ridge, thereby creating the illusion of a scalloped gingival continuum with distinctly formed interproximal papillae. The use of implants to support a traditionally designed FDP may make the reestablishment of naturally appealing esthetics more complex. [1] [2] [3] Depending on the case, soft tissue augmentation techniques may help achieve a respectable esthetic result. 4, 5 Provisional restorations with either abutment-support technique are important adjunctive aids in planning esthetic treatment outcomes since they offer a controlled pontic design during the healing process in a protocol for soft tissue management techniques. 6 Most studies on the life span of fixed prosthetic restorations are retrospective and tend to be divided into short-and long-term clinical evaluations, with the latter rather limited in number. 7 Studies on implant-supported or resin-bonded prostheses are, however, much better documented. 7, 8 Results on 4-unit FDPs or shortspan FDPs (3 or 4 units) tend to be reported as part of a broader survey, [9] [10] [11] [12] [13] [14] with scarce and limited statistics on functional life spans or comments on failed FDPs.
In general, it is difficult to compare the data on the survival of FDPs. 11, 12, [15] [16] [17] [18] [19] [20] [21] [22] [23] The most substantial differences between studies are found in the definition of failure, the population groups studied, the need for standardization of the terminology, and the consequent use of scientific rules in the design of the studies. [24] [25] [26] The aim of the present study was to assess the treatment outcome of conventional 4-unit porcelain-fusedto-gold FDPs, replacing 2 missing adjacent teeth, to determine frequencies and causes of failures, and to evaluate the outcome of the use of post-and-core abutments in 4-unit FDPs compared to vital abutments.
Materials and Methods

Materials
A total of 126 four-unit FDPs was made over a period of 18 years, between 1974 and 1992, in the undergraduate clinic of the former Department of Fixed Prosthodontics and Periodontology, Ghent University, Belgium. Cantilever FDPs were not included in the present study. This group of 4-unit FDPs was part of a larger study group of FDPs at the same department. 15 For the current study, complete treatment and follow-up records of 73 patients (70.6% women and 29.4% men) with a mean age of 63.6 years (range: 37.0 to 94.2 years) and 102 FDPs were available for analysis, representing 81% of the total number of 4-unit FDPs made during that period. The dropout rate of 19% was the result of the following reasons: patients chose a private practitioner for maintenance, moved to another city, could not be traced, or died during the follow-up period. None of the patients in the dropout group were contacted by telephone and no questionnaires were sent either to these patients or to their former or current clinicians to collect supplementary information.
The FDPs consisted of porcelain-fused-to-gold or gold retainers. Retainers in the anterior region were always covered with porcelain. Retainers on molars were gold or porcelain-fused-to-gold restorations, depending on the esthetic choice of the patient or the technical preference of the practitioner. In the posterior region, most retainers had a supragingivally located margin. For esthetic reasons, the retainer margin in the anterior region was located at the gingival margin. For the post-and-core abutment teeth, a standard ferrule of 2 mm was preferred-though many teeth had a limited ferrule-and at least 10 mm (range: 7 to 15 mm) of the root canal filling was removed. No special root canal preparation was used, with care taken to avoid excessive removal of dentin substance. No direct restorative techniques, special burs with prefabricated posts, or additional parapulpal pins were used. The impression of the abutment tooth was made with a polyether material (Impregum, 3M ESPE). For the root canal, the polyether material was inserted with the help of a lentulo, but no other devices such as burnout posts were used. All cast gold posts and cores were made separately from their retainer of the same gold alloys (type IV, Degudent U, Degussa) used for the retainers and pontics. All retentive surfaces of the restorations were sandblasted (50 µm) during the last laboratory phase prior to cementation. All 4-unit FDPs were cemented with zinc phosphate cement (Harvard, Richmond Harvard) under the same strict conditions. This project (EC UZG 2005/100) was approved by the Ethics Committee, OG 017, University Hospital, Ghent, Belgium.
Methods
Before starting prosthetic treatment, all patients underwent periodontal screening. Patients without periodontal problems were treated immediately with FDPs. Periodontally affected patients were scheduled for periodontal treatment followed by a controlled oral hygiene program. At reevaluation 6 months after scaling and root planing, the decision for prosthetic treatment or the need for further periodontal treatment was made. Some of the patients had FDP treatment 1 year after periodontal treatment. The data at the first recall visit after cementation (within 1 month) were used as baseline and had to be confirmed with the data at the first screening for patients without periodontal problems and at 6-or 12-month control visits after periodontal treatment for the periodontally affected patients. All patients were invited and agreed to participate in a regular supportive maintenance program every 6 months. 15 A number of patients interrupted this program or preferred to visit a private practitioner. Table 1 presents the compliance with recall at the prosthetic restoration level. During these maintenance sessions, a number of diagnostic and therapeutic steps were undertaken: whole mouth plaque score after staining with a dichotomous reading, bleeding on gentle probing of the gingival sulcus, periapical radiographs, recording of new caries lesions or secondary caries, control of the retention of the restoration, and recording of mechanical failures. Probing depth at 6 or 8 sites per tooth was recorded using a Michigan periodontal probe. At each session, patients were rein-structed in plaque control. If the interdental morphology allowed, instructions on cleaning with interproximal brushes or superfloss were given. At each session, plaque and supra-and subgingival calculus were removed. Patients were scheduled for scaling and root planing when periodontally indicated. The patients who interrupted this program or preferred to visit a private practitioner were sent an invitation by mail on a single occasion for a free checkup. During this last evaluation session, the aforementioned diagnostic and therapeutic steps were undertaken, thus reintegrating this patient group into the present study results. Failures were divided into biologic or technical/patient-related failures and into reversible or irreversible complications. Caries, periodontal problems, fracture of the abutment tooth, and endodontic problems were considered biologic failures. Loss of retention and fracture of the framework were considered technical/patient-related failures. Failures were defined as irreversible complications if the FDP or a tooth was lost or the finish line was involved and as reversible complications if recementation was needed after loss of retention or endodontic treatment/filling on an abutment tooth with the FDP and the finish line still intact. An FDP may have had a reversible complication but ended up in the surviving group at the final evaluation or may have had a reversible complication followed by an irreversible complication, thus ending up in the failure group.
Statistical Analysis
The survival estimation method of Kaplan and Meier with a 95% confidence interval (CI) was used. 27 The log-rank test was used to determine whether some survival functions differed between groups. 28 Statistical significance of differences was calculated using the chi-square test (Fisher exact test). The significance level was set at ␣ = .05.
Results
Descriptive Data
Frequency distributions for the survival times from 0 to 26 years of the investigated 4-unit FDPs are shown in Fig 1 in relation to survival versus failure. This symmetric graph reveals a well-populated study group up to 24 years. The mean survival follow-up time was 11.4 years.
The distribution of 4-unit FDPs in the maxilla and mandible and in the vital and root canal-treated (RCT) groups is presented in Table 2 . The mean tooth units per FDP was 4.0, and the pontic/abutment ratio was 1.0 (204 retainers and 204 pontics). The antagonist was the natural dentition in 57.1% of the patients, an FDP in 37.8%, and a complete denture or edentulous space in 5.1%. Table 3 shows the number of 4-unit FDPs placed per patient, the number of failed or surviving restorations within the patient, and the frequency distribution in the study population. In this investigated group, 24.5% (n = 25) of the FDPs failed. One patient (4.8%) had 3 failing FDPs, 2 patients (9.5%) had 2 failing FDPs, while 18 patients (85.7%) had only 1 failing FDP, representing 28.8% of the total patients. Complications were not more likely in any particular patient.
Kaplan-Meier Survival Curves
The Kaplan-Meier survival estimation for all 4-unit FDPs was 92.9% (95% CI: 88%-98%) at year 5, 78.7% (69%-88%) at year 10, and 68.3% (57%-79%) at years 15 and 20.
For the vital and RCT groups, Figs 2 to 4 show the Kaplan-Meier survival curves overall and for the maxilla and mandible. For the overall estimation (Fig 2) , there was a significant difference (log-rank P = .044) between the vital and RCT groups at year 20. The survival estimation for the vital group was 97.6% (93%-100%) at year 5, 89.9% (79%-100%) at year 10, and 81.9% (67%-97%) at years 15 and 20. For the RCT group, the survival estimate was 89.8% (82%-98%) at year 5, 71.0% (58%-84%) at year 10, and 59.4% (44%-75%) at years 15 and 20.
Regarding the survival estimates for the maxilla (Fig  3) , there was a highly statistically significant difference between the groups (P = .007). The survival estimation for the vital group in the maxilla was 94.7% (85%-100%) at year 5, 88.0% (72%-100%) at year 10, and 73.8% (51%-96%) at years 15 and 20. For the RCT group in the maxilla, the survival estimation was 81.3% (62%-100%) at year 5, 50.3% (17%-84%) at years 10 and 15, and 25.1% (0%-64%) at year 17. Regarding the survival estimation for the mandible (Fig 4) , there was no significant difference (P = .092) between the groups.
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For the maxilla and mandible, Figs 5 to 7 show the Kaplan-Meier survival curves overall and for the vital and RCT groups. For the overall estimation (Fig 5) , there was no significant difference (P = .097) between the vital and RCT groups at year 20. The survival estimation in the maxilla was 88.7% (78%-99%) at year 5, 73.4% (57%-90%) at year 10, and 58.3% (38%-78%) at years 15 and 20. In the mandible, the survival estimation was 95.2% (90%-100%) at year 5, 81.5% (70%-93%) at year 10, and 73.6% (60%-87%) at years 15 and 20. Regarding the survival estimation for the vital group (Fig 6) , no significant difference was found between the maxilla and mandible (P = .246). These survival estimates are mentioned above. The survival estimations for the RCT group (Fig 7) in the maxilla and mandible were significantly different (P = .011). These survival estimates were mentioned earlier. Table 4 summarizes the results of Figs 3, 4, 6 , and 7, revealing a significant difference in failures for the RCT group in the maxilla.
Reasons for Failure
The main reason for an irreversible complication was caries (32.0% of failures). Loss of retention caused 12.0% of the irreversible complications. In 28.0% of failures, both caries and loss of retention were observed. The mean survival times for these groups of irreversible complications were 10.9 years for caries, 6.1 years for loss of retention, and 11.3 years for the combined group of caries and loss of retention. Fracture of the framework accounted for 12.0% of failures, and abutment fracture occurred in 8.0%. Periodontal and apical problems both represented 4.0% of the irreversible complications. Table 5 shows a cross-tabulation of the surviving restorations versus the failing restorations, with reversible complication as the dependent variable. In the surviving group, only 13.0% had a reversible complication, while in the failing group, 36.0% had a reversible complication. This was a significant difference (P = .017).
These reversible complications were divided into an early reversible complication group (failure within 2 years) and a late reversible complication group (failure occurring after 2 years). For the failing restorations, the mean survival time of the early reversible complication group was 6.6 years, while the mean survival time of the late reversible complication group was 10.5 years, which is significantly different (P = .036). 
Discussion
Reported studies on treatment outcomes for different FDP designs tend to suggest consistent and favorable results. However, it must be acknowledged that numerous differences in the employed research designs demand a prudent interpretation of the published conclusions. Some of the key concerns and criticisms include the reconciliation of the research protocol with the following items: prospective versus retrospective protocols, duration of the observation period, oral site location, occlusal design considerations, patient behavioral considerations, etc.
However, reports such as the present study (and indeed most related publications), lend a certain amount of credence to the clinical decision-making process, and thus offer direction. It is in this context that this paper's results are offered for the reader's critical assessment.
In this particular study population, and within the framework of the employed evaluative criteria, there was no significant difference between overall outcomes in either dental arch, which is in agreement with some studies 11, 15, 18, 29 but in contrast with others. 21, 30, 31 The overall survival of restorations in the vital group versus the RCT group revealed a significant difference at year 20, with the use of RCT abutments leading to significantly more FDP failures. These results are comparable with some reported data 10, 21, 22 but statistically different from others. 19, 29, 32 Comparing these results with those from studies of full crowns and 3-unit FDPs at the same university 29, 33 showed no statistically significant difference between vital and RCT groups at years 18 and 20. It can therefore be suggested that the use of an RCT abutment becomes a crucial concern in FDPs with 4 or more units. The quality of maxillary FDPs in the RCT group was inferior to that of vital FDPs in the maxilla and mandible. Vital FDPs in the mandible had much better survival rates than vital FDPs in the maxilla and RCT FDPs in the mandible. In the present study group, a 4-unit FDP without RCT abutments in the mandible had the smallest number of irreversible complications. These results are confirmed by the same authors in 2 other similarly designed outcome studies. 15, 29 Whereas mechanical problems are, in general, more directly influenced by the clinician, biologic problems are less easily controlled and may be unrelated to the prosthetic treatment. However, biologic problems may be a consequence of the treatment procedures (pulpal problems) or may be influenced by the outline and gingival relation of the restorations (secondary caries, gingivitis, or periodontal destruction). The authors previously proposed 15, 29 hypothesis was that when more abutment teeth are used for the replacement of an equal number of missing teeth (ie, a lower pontic/ abutment ratio), the percentage of loss will be higher, sometimes with a low percentage of caries. In the study of FDPs with 3 units in function, 29 the failure rate was 38.1% because of caries and 9.5% because of loss of retention. In the study of FDPs with 3 to 9 units in function (combined with a high pontic/abutment ratio), 15 the failure rates were 22.2% because of caries and 15.3% because of loss of retention. In the current study, the failure rate because of caries was 32.0% and the failure rate because of loss of retention was 12.0%. The authors are tempted to interpret this as a confirmation of the hypothesis. Moreover, these results endorse other studies that identify caries as the main cause of failure, 7, 15, 20, 22, 23, [32] [33] [34] [35] while studies based on FDPs with more abutments in function for an equal replacement of missing teeth 18, [36] [37] [38] [39] [40] reported loss of retention as the main cause of failure. Caries detection was assumed to be a secondary problem caused by the loose retainer.
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An Up to 20-Year Retrospective Study of 4-Unit Fixed Dental Prostheses Some authors reported on the mean life span of FDPs in relation to the reason for failure. Walton et al, 10 Foster, 41 and Valderhaug 23 came to similar conclusions, namely that the mean life span with caries as the reason for failure was between 8.4 and 12 years, while for loss of retention, the mean life span was between 4.5 and 9 years. In the present study, the mean life span with caries as the reason for failure was 10.9 years, while for loss of retention, the mean life span was 6.1 years. Consequently, the combined loss of retention and caries group had a mean life span of 11.3 years, and it seems likely that the largest part of failures in this combined group will be caries. Thus, it can be concluded that caries failure accounted for 32.0% to 60.0% of failures. If loss of retention is the main cause of failure in prosthetic reconstructions with a low pontic/ abutment ratio, it may be suggested that caries is not the major problem due to the longer mean life span when caries causes failure. The results of the present and other surveys provide insights into compromised outcomes that result from caries, loss of retention, or both. 15, 29, 33 In previous studies, 15, 33 the occurrence of a reversible complication had a predictive value for irreversible complications later on. This was confirmed by the results of the current study.
Conclusions
The estimated successful treatment outcome or survival rate of 4-unit FDPs replacing 2 adjacent missing teeth at year 20 was 68.3%. There was a statistically significant difference for the survival between the vital and root canal-treated groups, but not between the maxilla and mandible. Caries and loss of retention were the main reasons for failure, accounting for 72% of failures combined. Caries accounted for 32.0% to 60.0% of failures. The mean life span was 10.9 years with caries as the reason for failure and 6.1 years with loss of retention as the main reason for failure. More retainers in function will probably increase the risk of loss of retention and sometimes the loss of the FDP. A 4-unit FDP without RCT abutments in the mandible showed the smallest number of irreversible complications. Occurrence of a reversible complication appears to be a predictive factor for an irreversible complication later on. A reversible complication within the first 2 years was observed to lead to an early irreversible complication, with a mean survival time of 6.6 years.
